This study evaluated the effects of palm kernel expellers in growing diets on growth performance, nutrient digestibility, and carcass and meat quality characteristics of growing-finishing pigs. A total of 88 growing pigs were randomly assigned to two dietary treatment groups. The control diet (CON) was a typical growing or finishing diet based on corn-soybean meal, and the treatment diet (PKE) was formulated by replacing CON with 20% palm kernel expellers. The PKE-CON group was fed the PKE diet during the growing period (six weeks) and the CON diet during the finishing period (12 weeks). The CON-CON group was fed the CON diets during both growing and finishing periods. The PKE-CON group showed significantly depressed growth performance and lower nutrient digestibility than the CON-CON group during the growing period. However, after feeding the typical finisher diets during the finishing period, the PKE-CON group showed no difference in growth performance in comparison with the CON-CON group during both the finishing and overall experimental periods. In addition, carcass and meat quality characteristics were not significantly different between the PKE-CON and the CON-CON groups. The results of this study imply that palm kernel expellers can be an alternative ingredient in the growing diets of growing-finishing pigs if the combined feeding strategy (PKE for the growing period and CON for the finishing period) is used. ______________________________________________________________________________________
Introduction
Feed costs are the most important factor in the livestock industry because it comprises the largest proportion (about 60 -70%) in animal production costs (Lawrence et al., 2008) . In general, corn and soybean meal are the main ingredients of the conventional swine diet. Due to high competition between human and animal usages, however, the price of those ingredients has dramatically increased (Lawrence et al., 2008) . Thus, there is a need to find alternative feed ingredients to reduce costs (Son et al., 2013) .
Palm kernel expellers (PKE) is an example of such an alternative feed ingredient. PKE is a co-product of oil palm fruits (Elaeis guineensis) after mechanical oil extraction. PKE contains more oil than palm kernel meal (PKM), the co-product of oil palm kernel after solvent oil extraction, compared to mechanical oil extraction, which is less efficient (Sharmila et al., 2014) . Other compositions (protein, crude fibre and carbohydrate) between PKE and PKM are similar (Sharmila et al., 2014) . However, the production cost of PKE is lower than that of PKM (Alimon, 2004; Sharmila et al., 2014) . Thus, PKE has a benefit in terms of cost in comparison with corn and soybean meal, as well as PKM. In addition, PKE can be supplied continuously at low cost because oil palm fruits are abundant in the tropical areas of the world (O'Mara et al., 1999; Sulabo et al., 2013; Sharmila et al., 2014) .
It is well known that palm kernel co-products, including PKE and PKM, have mainly been used in ruminant diets because they have a higher fibre content and lower crude protein content than corn and soybean meal (O'Mara et al., 1999; Sharmila et al., 2014; Kim et al., 2015; . Palm kernel co-products in particular have an inferior amino acids profile, including lysine and methionine which are the most important amino acids for pigs, and poor overall amino acid digestibility, compared to that of soybean meal (NRC, 2012; Sulabo et al., 2013; Son et al., 2014; Stein et al., 2015) . Despite the high fibre content and poor amino acids profile, many attempts have been made to evaluate its feeding potential to sows , weaned pigs (Jaworski et al., 2014; Seo et al., 2015) , growing pigs (Son et al., 2012; Sulabo et al., 2013) , finishing pigs (Kim et al., 2001; Ao et al., 2011) , or growing-finishing pigs (Rhule, 1996) . However, previous studies have shown that palm kernel co-products as an alternative to corn and soybean meal do not have a definite, positive impact on growth performance and nutrient digestibility, for instance, relatively low weight gain (Rhule, 1996; Ao et al., 2011; Son et al., 2012) . Specifically, palm kernel co-products in growing and finishing diets had a negative effect on carcass characteristics such as low dressing percentage and smaller loin eye area (Rhule, 1996) . Moreover, there is insufficient literature on the effects of palm kernel co-products on meat quality traits. Nevertheless, the low price of palm kernel co-products remains an attractive aspect of pig production. Thus, this study hypothesized that the combined feeding strategy (feeding pigs with the PKE diet for the growing period and a typical diet for the finishing diet) may reduce the negative effect of PKE on growth performance and carcass characteristics. Therefore, the objective of this study was to evaluate the effects of PKE in a growing diet on growth performance, nutrient digestibility, carcass characteristics, and meat quality traits of growing-finishing pigs.
Materials and Methods
The experimental protocol for this study was reviewed and approved by the Animal Care and Use Committee of Chungnam National University (Approval# CNU-0611).
In the current study, over a period of 18 weeks, a total of 88 growing pigs [Duroc x (Landrace x Yorkshire); average initial BW of 22.58 ± 1.58 kg] were raised. The pigs were randomly assigned to two dietary treatments (4 pigs/replicate, 11 replicates/treatment) in a randomized complete block design. Each treatment pen had an equal number of barrows and gilts (2 males and 2 females) as a block. The dietary treatments were: 1) a typical grower diet (CON) based on corn and soybean meal; and 2) a PKE diet (PKE) in which CON was replaced with 20% PKE. The dietary treatments were formulated to meet or exceed the nutrient requirements of growing pigs (NRC, 2012) and were of similar composition, including metabolizable energy, crude protein, calcium, phosphorus, and amino acids ( Table 1) . The PKE replacement level was determined by the recommendations in previous literature (Zahari & Alimon, 2004) and also considered the crude fat content (less than 5%). The pigs were fed respective treatment diets during the growing period (six weeks) and then a typical finisher diet regardless of the dietary treatments during the finishing period (12 weeks). All pigs were housed in an environmentally controlled room (temperature: 20 ± 2 °C; relative humidity: 50 ~ 60%) with a slatted plastic floor, and were allowed free access to feed and water throughout the entire experiment period.
The pig BW was weighed at the beginning and end of each period. The quantity of treatment diet provided per pen was recorded during each period and feed remains were weighed at the end of each period. Growth performance was measured by calculating the average daily gain (ADG), average daily feed intake (ADFI), and gain to feed ratio (G : F ratio) of pigs (4 pigs/replicate, 11 replicates/treatment) during the growing, finishing and overall experimental periods, respectively.
The pigs were fed respective treatment diets containing 0.2% chromic oxide as an indigestible marker for the last week of growing period. Faecal samples from one barrow and one gilt in each pen, randomly selected, were collected daily by rectal palpation for the last 3 d after a 4-d adjustment period. The collected samples were pooled and stored at -20 °C until analysis. Diet samples were also collected from each batch of manufactured feed and stored at -20 °C until analysis.
Faecal samples were dried in a forced-air drying oven at 60 °C and ground using a cyclone mill (Foss Tecator Sycltec 1093, Hillerød, Denmark) before analysis. Diet and faecal samples were analyzed for dry matter (DM, method 930.15) (AOAC, 2012), nitrogen (N, method 988.05) (AOAC, 2012), gross energy (GE) using a bomb calorimeter (Parr 1281 Bomb Calorimeter, Parr Instrument Co., Moline, IL, USA), and chromium content using an absorption spectrophotometer (Hitachi Z-5000 Absorption Spectrophotometer, Hitachi High-Technologies Co., Tokyo, Japan). Apparent total tract digestibility (ATTD) of DM, N and gross energy (GE) of growing pigs were calculated based on the testing procedure of Williams et al. (1962) .
After 18 weeks, one barrow and one gilt were randomly selected from each pen and transported to the nearest local commercial slaughterhouse. The final BW of each pig was recorded and the pigs were treated according to the conventional slaughter process of scalding and singeing. The hot carcass weight was recorded and carcass yield was calculated by comparing final live body weight and hot carcass weight. After splitting, carcasses were chilled at 2 °C for 24 h. At 24 h post-mortem, the backfat thickness was directly measured and fat-free lean (%) was calculated using the equation provided by the National Pork Producer Council (NPPC, 1999) . After chilling at 2 °C for 24 h, the pork loin samples for meat quality measurements were taken between the 10th and 11th ribs from the right side of the carcass for measurement of the loin eye area, stored in the chilling box, and immediately moved to the laboratory. Lastly, meat quality characteristics were measured on the same day. In order to measure the water-holding capacity (WHC), a 0.3 g sample was pressed at 3 000 × g for 3 min at 26 °C on a 125-mm-diameter piece of filter paper. The loin eye area of the pressed sample and the expressed moisture were delineated and then determined using a digitizing area-line sensor (MT-10S, M.T. Precision Co. Ltd., Tokyo, Japan). The ratio of water to meat area was then calculated, giving a measure of WHC (a smaller ratio indicates increased WHC) (Kauffman et al., 1986) . At the same time, duplicate pH values of each sample were directly measured using a pH meter, which was calibrated using two standard solutions (pH 4 and 7) with automatic temperature compensation (Fisher Scientific, Pittsburgh, PA).
Subjective meat colour, marbling and firmness scores were evaluated by 20 trained panels according to NPPC (1991) standards. The panels were trained over a period of four weeks to assess meat samples for color, marbling and firmness until no significant differences were observed on the same sample between the trained panels. After 30 min air exposure at 4 °C for bloom, subjective pork loin colour scores on a scale from 1 to 5 (1 = pale grey, 5 = dark purplish red), marbling scores on a scale from 1 to 5 (1 = none to slight, 5 = moderate to abundant and firmness scores on a scale from 1 to 5 (1 = very soft and very watery, 5 = very firm and dry) were determined. After subjective evaluation, meat colour (Commission Internationale de l'Eclairage lightness, redness, and yellowness) was immediately measured using a chromameter (Model CR-210 Chromameter, Konica Minolta Sensing Inc., Osaka, Japan). The CR-210 uses a pulsed xenon lamp as a light source in the measuring head. The calibration was made by using the white calibration plate supplied by the manufacturer. The illuminant used was C, and the standard observer position was 2º. The optical fibre cable collected only the light reflected perpendicular to the specimen surface for colour analysis. Drip loss was measured using approximately 2 g of meat sample according to the plastic bag method described by Honikel (1998) . Cooking loss was determined as described previously by Sullivan et al. (2007) .
Data were firstly tested for normality by using the NORMAL test option of the PROC UNIVARIATE and were then analyzed using the PROC GLM of SAS (SAS Inst. Inc., Cary, NC, USA) in a randomized complete block design. The experimental unit was the pen and the block was the sex. The statistical model for growth performance, nutrient digestibility, carcass characteristics, and meat quality characteristics included the effect of dietary treatments as the fixed effect and sex as the random effect. Results were expressed as the least square means ± standard deviation. Statistical significance and tendency were considered at P <0.05 and 0.05 ≤ P <0.10, respectively.
Results and Discussion
The pigs fed the PKE diet during the growing period showed significantly lower (P <0.05) growth performance including feed intake, ADG, ADFI and G:F ratio, compared to those fed the CON diet (Table 2 ).
In the result of ATTD, all parameters (DM, N, and GE) in the PKE group were significantly lower (P <0.05) than those in the CON group (Table 3) . As expected, these results are consistent with results of previous studies (Kim et al., 2001; Sulabo et al., 2013; Son et al., 2014) . As regards non-ruminants, PKE is not a suitable source of energy due to its lack of available energy. Generally, PKE has a lower energy density, poor amino acid profile and higher fibre content for non-ruminants, compared to conventional feed ingredients (Son et al., 2012; Sulabo et al., 2013; Seo et al., 2015) . This may reduce the nutrient digestibility and metabolized energy of PKE (Noblet & Le Goff, 2001; Seo et al., 2015) . In addition, the relatively low palatability of PKE and apparently enhanced satiety of the pigs could be due to its high fibre content, compared to conventional ingredients (McDonald et al., 2011) . This could account for the lower feed intake and ADFI of the pigs in the PKE, and the decrease in ATTD of DM, N and GE, resulting in decreased ADG, G : F ratio, and final BW at the end of the growing period, compared to pigs in the CON. Another possible reason of the decreased feed intake in the PKE treatment group is the fat content of the diet. The fat level in the PKE diet was more than 3% in this study. It has been reported that a fat content of more than 3% in swine diets may decrease feed intake slightly (Azain, 2000) . The higher fat content of the PKE diet than the CON diet in this study may be derived from the high residual oil content of PKE, which may result in reduced feed intake and ADFI of the PKE group.
The combined feeding strategy was applied in the present study to reduce a negative effect of PKE on growth performance. As the result of feeding the typical finisher diets during the finishing period, the growth performance of the PKE-CON was not significantly different to that of the CON-CON during both the finishing and overall experimental periods (Table 2 ). This implies that there may be no carry-over effect of the PKE diets when the typical diets are applied. Moreover, the results of feed intake may indicate indirectly that the PKE diet has a relatively lower palatability and enhanced satiety in comparison with conventional ingredients. Contrary to the growing period, when the diets were changed from the PKE to the CON, the PKE-CON showed no significant difference on feed intake and ADFI to the CON-CON during both the finishing and overall experimental periods. The normality was tested by using the NORMAL test option of the PROC UNIVARIATE and the difference between treatments was determined by using PROC GLM of SAS in randomized complete block design 1 Values are presented as the least squares mean with standard deviation of 11 replicates (4 pigs/replicate). The growing, finishing, and growing-finishing periods were six, 12, and 18 weeks, respectively 2 CON-CON = control diet based on corn and soybean meal for both growing and finishing periods; PKE-CON = palm kernel expeller diet for growing period and control diet based on corn and soybean meal for finishing period ADG = average daily gain, ADFI = average daily feed intake, G : F ratio = ratio between ADG and ADFI The normality was tested by using the NORMAL test option of the PROC UNIVARIATE, and the difference between treatments was determined by using PROC GLM of SAS in randomized complete block design 1 Values are presented as the least squares mean with standard deviation of 11 replicates (2 pigs/replicate). The growing period was six weeks 2 CON = control diet based on corn and soybean meal during growing period; PKE = palm kernel expeller diet during growing period
There is insufficient literature to elucidate the effect of a PKE supplementary diet during the growing period on carcass and meat quality characteristics of finishing pigs. Therefore, this study investigated the carcass and meat quality characteristics of PKE treated pigs. No differences in carcass characteristics between the CON-CON and the PKE-CON (Table 4) were found, except for hot carcass weight. Hot carcass weight of the PKE-CON was significantly lower than that of the CON-CON. Results of previous studies showed that the use of palm kernel co-products in growing-finishing diets did not influence dressing percentage, back-fat thickness and loin eye area (Fetuga et al., 1977a (Fetuga et al., , 1977b Ao et al., 2011) , which are similar to the results of the present study. However, some studies showed that swine diets supplemented with 40 % palm kernel co-products significantly decreased dressing percentage (Rhule, 1996 (Rhule, , 1998 . Another study reported an increase in the leanness of the carcass commensurate with an increase in palm kernel coproduct in the diet (Fetuga et al., 1977a; 1977b) . Previous studies demonstrated that fat deposition is inhibited because feeding palm kernel co-product restricts digestible energy intake (Fetuga et al., 1977a; 1977b) . As mentioned earlier, PKE has a high fibre content which cannot be digested by non-ruminant The normality was tested by using the NORMAL test option of the PROC UNIVARIATE and the difference between treatments was determined by using PROC GLM of SAS in randomized complete block design.
animals; this constitutes a significant restriction as regards the intake energy from the PKE-supplemented diet for pigs. However, this could not be confirmed in the current study due to the limited sample size. A larger sample size might elicit a more detailed energy pathway and partitioning when pigs ingest PKE diets. No significant differences were found in meat quality characteristics between the CON-CON and PKE-CON groups (Table 4) , except yellowness in meat colour. The PKE-CON showed slightly higher yellowness than the CON-CON. It is generally accepted that meat colour is the main factor that influences consumer purchase decisions (Choe et al., 2016) . Although yellowness was different between treatment groups, there were no colour differences in the lightness and redness of meat (Mancini & Hunt, 2005) . In addition, the panels could not distinguish the colour differences between treatments when assessed subjectively. Although there were limitations due to sample size and assessments by the trained panels based on the NPPC standard (1991), the subjective colour was sufficiently acceptable. Another important quality factor is WHC, which is related to both visual traits and eating satisfaction affecting consumer purchase decision and intention to repurchase (Choe et al., 2016) . In this study, WHC was measured objectively by drip loss, cooking loss and centrifuge methods, and there were no differences in WHC parameters between treatment groups, which can be accounted for by postmortem muscle pH. WHC is closely related to postmortem muscle pH (Ryu & Kim, 2005) . There were no differences on both muscle pH at postmortem 24 h and WHC measurements between the PKE-CON and the CON-CON.
Conclusion
Based on the results of this study, feeding typical diets replaced by 20% PKE during the growth period may depress growth. However, when the pigs were fed the typical finisher diets during the finishing period, there was no deteriorating influence on growth performance, carcass and meat quality of growing-finishing pigs. It could be concluded that PKE can be an alternative in growing diets for growing-finishing pigs if the combined feeding strategy is used (PKE for the growing period and CON for the finishing period).
